; (commercial product Dianem ® ) and the conventional insecticides Force 1.5 g (active substance tefluthrin) from the group of synthetic pyrethriods and Sonido (active substance thiacloprid) from the group of neonicotinoids. Field experiments were carried out at geographically different locations under different population pressure of the insect pest in a), Bučečovci (Prlekija; Eastern Slovenia) and b), Šmartno (Gorenjska: northern Slovenia). The differences between the treatments were very similar at both locations; although the population of WCR in Gorenjska was approximately 5-fold lower than in Prlekija. The highest number of WCR beetles was caught in the negative control, followed by the product Sonido, Force and Dianem ® , in decreasing order. Statistical analysis showed that only in the treatment where EPN were used, significantly less WCR was caught than in the control. The results of the WCR larvae control in maize using Heterorhabditis bacteriophora are comparable to published literature. However, the weather conditions in the 2016 trial were very favorable for the development and survival of EPN in the soil.
controlled by granular soil insecticides or insecticide-treated seeds. Biological control options, such as entomopathogenic nematodes (EPN) have played an important role as an alternative for synthetic chemical insecticides. Therefore, for the WCR larvae control we compared the effectiveness of inundative biological control on the basis of EPN Heterorhabditis bacteriophora Poinar, 1976 (Rhabditida: Heterorhabditidae) ; (commercial product Dianem ® ) and the conventional insecticides Force 1.5 g (active substance tefluthrin) from the group of synthetic pyrethriods and Sonido (active substance thiacloprid) from the group of neonicotinoids. Field experiments were carried out at geographically different locations under different population pressure of the insect pest in a), Bučečovci (Prlekija; Eastern Slovenia) and b), Šmartno (Gorenjska: northern Slovenia). The differences between the treatments were very similar at both locations; although the population of WCR in Gorenjska was approximately 5-fold lower than in Prlekija. The highest number of WCR beetles was caught in the negative control, followed by the product Sonido, Force and Dianem ® , in decreasing order. Statistical analysis showed that only in the treatment where EPN were used, significantly less WCR was caught than in the control. The results of the WCR larvae control in maize using Heterorhabditis bacteriophora are comparable to published literature. However, the weather conditions in the 2016 trial were very favorable for the development and survival of EPN in the soil. (Smith in Lawrence, 1967) . As an insect pest of corn it was referred for the first time in Kolorado in 1909 (Gillette, 1912) . The WCR was first discovered in Europe in 1992 in Yugoslavia (Bača, 1994) and has become a threat to maize production areas in many European countries (Kiss et. al., 2005) .
Official monitoring of the spreading of WCR in Slovenia has been organized since 1997. Its presence was first reported in 2003 in the eastern, northeastern (Prekmurje, Pomurje) and western part (Gorica) of Slovenia (Urek and Modic, 2004) . In 2009 the entire territory of Slovenia was officially declared an infested area. Eight years after the occurrence of WCR the first damage caused by larval feeding was observed in Prekmurje (village Benica). In the next five years damage by larval feeding was observed in more Slovenian regions, mainly in the fields with continuous maize.
In an effort to eradicate or contain the species, legislation has been put into place (U.l. RS 21/04), which forces farmers to rotate their fields (thereby interrupting the life cycle of WCR) or to apply granular soil insecticides or to use insecticide-coated maize seeds (to target the root feeding larvae) or to spray insecticides against the adult (decrease the population density of larvae in the next year) (U. l. RS 21/04, 2006/565/ES). In the European Union the WCR is no longer considered a "quarantine pest" since 2014 (2014/63/EU), consequently crop rotation is no longer a legally required control measure. In Slovenia, in the measures of the Rural Development Program KOPOP (2014) (2015) (2016) (2017) (2018) (2019) (2020) , one of the mandatory requirements is a five-year crop rotation that limits the production of maize in monoculture.
Possible management options to control WCR in Europe include crop rotation, which is one of the oldest control measures (Roush et al., 1990) , the development of maize hybrids that possess native resistance against WCR (Ivezić et al., 2009) , or the use of conventional chemical insecticides (Levine and Oloumi-Sadeghi, 1991; Sutter et al., 1989) . Biological control options have been recommended for WCR in south-eastern Europe in 1998 (Kuhlmann and Burgt, 1998) . The use of entomopathogenic nematodes (EPN) against the larvae is one of the most promising alternative biological control options (Toepfer et al., 2012a) , in particular species Heterorhabditis bacteriophora Poinar, 1976 which in the field trials reduced the population of the WCR larvae to 65 % and the lodging of plants to 60 %, which is comparable with soil insecticides (Toepfer et al., 2005; Kahrer et al., 2015; Toepfer et al., 2010 ). Importantly, the species H. bacteriphora was confirmed in Slovenia in 2009 (Laznik et al., 2009) , thereby making it a potential biological agent for controlling larvae of WCR and important alternative to synthetic insecticides.
The aim of our study was to assess H. bacteriphorabased biological control and compare its efficacy to two commonly used synthetic insecticides for controlling WCR larvae.
MATERIALS AND METHODS

Study sites and experimental set-up
The field studies were carried out in geographically different maize growing areas in Slovenia (Table 1 ).
Both field experiments had a natural pest population of WCR (field A since 2004, field B since 2008) and were four years under corn monoculture production regime. 
Source and handling of entomopathogenic nematode
The product Dianem®, based on entomopathogenic nematode Heterorhabditis bacteriophora, was produced and supplied by e-nema GmbH (Germany). Infective juveniles of H. bacteriophora were shipped by the producer directly to the Agricultural Institute of Slovenia. Upon arrival, they were stored in their shipping material at 7-9 °C in darkness until use. They were applied as liquid formulations with application rates 2 × 10 9 infective juveniles per ha in 400 litres water per ha as a liquid stream directly into seed furrows (Figure 1 ). 
Evaluation
Efficacy was assessed by comparing the number of emerging adult WCR beetles between treatments and untreated control. Twelve maize plants (1 m 2 ) were covered under gauze cages (1000 mm x 1000 mm x 2300 mm). A yellow sticky trap (Trécé) was placed 1.5 m above soil in the middle of the cage. Adult emergence on yellow sticky trap (Trécé) was recorded once a month.
Data analyses
The absolute number of WCR beetles caught on yellow sticky traps placed in the field cages was analysed by one way ANOVA and Dunnett's multiple comparison post-test in case of normal distribution, or with Kruskall-Wallis test and Dunn's post-test in case the distribution was not normal (Motulsky, 1995) . The absolute number of beetles caught in the various treatments was normalized to negative control values, and then the data from both locations were pooled and Log-transformed. The transformed data was normally distributed and analysed by one way ANOVA and Dunnett's multiple comparison post-test. The analyses were carried out with the statistical software GraphPad Prism 5.00 (GraphPad Software, Inc., La Jolla, CA, USA). The number of replicates (n) is indicated in the figure. 
RESULTS
Effect of treatments on the number of emerged WCR beetles
The highest number of WCR beetles was caught in negative control, followed by Sonido and Force, and the least in the EPN treatment. The treatments had a significant effect on the number of WCR beetles caught in the experiment in Šmartno (P = 0.042), but not in Differences between treatments, or trends, however, were very similar in Bučečovci and Šmartno. Additionally, markedly different pressure of the WCR population between the locations of the experiments was observed. Because of these two factors the results were normalized to each experiment's negative control and the data from both trials pooled. One-way ANOVA performed on pooled data showed a significant effect of treatments on the number of beetles caught on the yellow sticky traps (p = 0.017). The treatment with EPN resulted in significantly smaller beetle catches ( Figure  3 ).
Figure 3:
The relative (cumulative whole season) number of WCR beetles caught on the yellow sticky traps in the field cages. Data of experiments from both locations were normalized to their respective controls, and then pooled. Error bars were drawn from 10 replicates (n=10). Asterisk denotes significant difference from negative control (P < 0.05).
DISCUSION
Results of the present study provide a comparison between efficacy of a commercial product Dianem ® on the basis of EPN Heterorhabditis bacteriophora Poinar (Rhabditida: Heterorhabditidae) with the conventional insecticides Force 1.5 g (active substance tefluthrin) from the group of synthetic pyrethriods and with Sonido (active substance thiacloprid) from the group of neonicotinoids for the WCR larvae control. We found that the highest number of WCR beetles was caught in negative control, followed by product Sonido, Force and Dianem ). This result is comparable to published study of Kahrer et al. (2015) where the authors reported a significant reduction in number of emerging beetles amounting 67.6 % for Dianem against the untreated control (81.4 emerging beetles per plant). The much higher emergence rate reported by Kahrer et al. (2015) is probably the result of artificial infestation of the maize plants with WCR eggs.
Crop rotation is the most effective way of controlling WCR populations as its three larval instars feed almost exclusively on maize roots (Moeser and Hibbard, 2005) . However, a small percentage of WCR (< 5 %) also disperses into neighbouring fields other than maize, and less than 15 % of all eggs of a population may be laid into such non-maize crop habitats. Despite of this, any crop can be rotated with maize to offer potentially successful control of this pest in Europe (Toepfer et al., 2012b) . However, in an Austrian several-season field study, it was reported that crop rotation is no longer a sufficient measure to control WCR, in case of rotation of maize and oil pumpkin (Fragner, 2017) . The same study also reports that in 2016, the efficacy of EPN was comparable to certain soil insecticides (cypermethrin and lambda-cyhalothrin), and that EPN use reduced maize lodging on average by 10 % (Fragner, 2017) .
Maize is one of the major crops in Slovenia covering about 40 % of all arable land. Sixty percent of maize is grown in north-east Slovenia (Čergan et al., 2008) . However, there is the need to plant maize each season, because silage maize presents energetically and economically convenient source of feed for dairy cows and fattening bulls. The maize with its high dry matter yield per hectare fulfils the stakeholder`s demand after large quantities of feed for the increasing numbers of animals per farm in the last decade. Due to fragmented arable land (fields), we can expect the marginal effects of successive corn crops and the occurrence of damages on parts of fields where the surfaces are close together (Modic et al., 2016) . Therefore, a system approach is needed to provide sustainable control of the WCR. Several control measures will need to be implemented at the same time: crop rotation, soli treatment, fertilization, corn variety, biological control agents and pheromone mating disruption control.
CONCLUSION
The results of WCR larvae control with entomopathogenic nematodes of the species Heterorabditis bacteriophora are promising and comparable to the results of studies from abroad (Kurtz et al., 2007; Toepfer et al., 2010; Pilz et al., 2014; Kahrer et al., 2015) . However, we must take into account the fact that the weather conditions in 2016 (high precipitation in May) were favourable for the survival and persistence of the EPN in the soil (soil moisture). Such optimal conditions cannot be expected every year. Repetition of the experiment throughout several seasons is needed.
